The socio-demographic characteristics of food-insecure households in Canada have been well characterized, but there is little understanding of what drives the prevalence rates. This study was undertaken to estimate the prevalence of household food insecurity by census metropolitan area (CMA), compare prevalence rates within CMAs and within provinces over time, and assess the effect of local area economic characteristics on changes in CMA food insecurity rates.
H ousehold food insecurity, defined as inadequate access to food due to financial constraints, is a growing public health concern. It affected 12.6% of Canadian households in 2012, representing a significant increase from 11.3% prevalence observed in 2008. 1 In Canada, household food insecurity is associated with heightened nutritional vulnerability 2 as well as compromises to individual health and well-being. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Adults in food-insecure households report poorer physical and mental health outcomes, including higher rates of diabetes, heart disease and mental illness. [4] [5] [6] [7] [8] [9] [10] The experience of food insecurity also leaves a permanent mark on children, making them more susceptible to such conditions as depression and asthma later in life. 3, 11, 12 There has been considerable research to examine the conditions that give rise to household food insecurity in Canada. Analyses of national population health survey data have revealed that the probability of food insecurity rises as income declines, but risk is also a function of income source (i.e., reliance on social assistance, Employment Insurance and Worker's Compensation), household structure (i.e., the presence of children or lack of a partner), lack of home ownership, Aboriginal status, and low education. 1, [8] [9] [10] In addition, recent research has highlighted the protective effect of the guaranteed annual incomes currently provided to Canadian seniors. 13, 14 With few exceptions, 15 however, Canadian research into the determinants of food insecurity has been focused on understanding associations at the household level.
With the consistent measurement of food insecurity on the Canadian Community Health Survey (CCHS) since 2005, we have begun to chart trends in food insecurity nationally and provincially. 1 , 16 Yet we still have little understanding of what drives prevalence rates, and therefore limited evidence upon which to develop interventions. In the United States, analyses of inter-state variation in food insecurity rates have served to identify state-level policies that impact household vulnerability and provide valuable direction for intervention. [17] [18] [19] However, analogous studies are not feasible in Canada because of our small number of provinces and territories. Although Census Metropolitan Areas (CMAs) are not political entities, analysis of contextual factors at this level is more viable. Understanding how CMA rates of food insecurity are affected by shifting economic conditions can inform strategies for intervention.
Drawing on data from the CCHS from 2007 to 2012, this study was undertaken to 1) estimate the prevalence of household food insecurity by CMA, 2) compare prevalence rates within CMAs over time, 3) compare CMA prevalence rates with provincial rates of food insecurity, and 4) assess the effect of local area economic characteristics on changes in CMA food insecurity rates.
METHODS
The CCHS is an annual, population-representative health survey of approximately 65,000 individuals aged 12 years and over living in private dwellings in Canada. Excluded from the sampling frame are people living on Aboriginal Reserves, institutional residents, full-time members of the Canadian Forces and residents of certain remote locations. Although CCHS data have been collected and released annually since 2007, Statistics Canada also produces files combining two years of data (i.e., 2007-2008, 2009-2010, 2011-2012) to match previous biannual cycles of the survey.
Using geographic boundaries from the 2006 Census, 33 CMAs have been defined in the CCHS. A CMA consists of one or more neighbouring municipalities situated around a core and has a minimum total population size of 100,000. The 33 CMAs and the nine provinces in which they are situated comprise the focus of this study.
Data from the 2007-2012 annual components of the CCHS were used to estimate the prevalence of food insecurity within each CMA and its corresponding province, as well as examine the relationship between CMA characteristics and food insecurity rates over time. Prince Edward Island was the only province excluded from the analyses, as it does not contain a CMA. Household food security status over the previous 12 months was determined from participants' responses to the 18-item Household Food Security Survey Module (HFSSM). 20 The module For this study, households whose respondents provided no affirmative responses to the HFSSM were classified as food secure, while those with one or more affirmative responses were considered to be food insecure. This classification scheme includes marginal, moderate and severe food insecurity, 16 recognizing the heightened vulnerability of individuals in households reporting any indication of this condition. 10, 21 Thus, our estimation of food insecurity prevalence encompasses a more comprehensive spectrum of the food-insecure population than the coding method originally proposed by Health Canada. 20 Changes in the prevalence of household food insecurity within CMAs were first examined by comparing estimates from 2011-2012 to those from 2007-2008. Adjacent years were pooled to maximize the sample size for each CMA and we applied two-sample tests of proportions to identify significant increases or decreases in prevalence. A similar analysis was conducted to assess changes in provincial prevalence rates over this period. As separate tests were carried out for each CMA or province, corrections for multiple comparisons were not required. Data from 2009-2010 were omitted to enable comparison of all 33 CMAs over this period.
The impact of CMA-level economic characteristics on changes in food insecurity prevalence was examined through fixedeffects linear regression. Data on CMA-level economic characteristics were available from 2007 through 2012 and included annual peak unemployment rate, rental vacancy rate, and average number of Employment Insurance (EI) beneficiaries per month. Summary statistics and data sources for these variables are presented in Table 1 . CMA fixed effects were included to control for unobserved, stable characteristics of CMAs that could bias estimated associations between economic predictors and food insecurity. To track yearly changes in the prevalence of food insecurity within CMAs, variables for survey year were added to the fixed-effects model. percentage of the LIM-AT.) As no significant associations were observed for these income variables, they were omitted from the final model. All analyses were carried out using STATA version 12.1. CMA food insecurity rates were generated using survey commands with household and bootstrap weights provided by Statistics Canada. Coefficients of variation were used to confirm the reliability of these estimates.
RESULTS
Substantial variability in the prevalence of household food insecurity was observed across CMAs in 2011-2012, with rates ranging from a high of 19.9% in Halifax to a low of 9.0% in Quebec City (Table 1) . Within provinces, rates also varied widely between CMAs. While the prevalence of household food insecurity in Ontario in 2011-2012 was 11.8%, CMA rates ranged from 17.3% in Barrie to 9.3% in Hamilton (Table 2) . Similarly, the prevalence of food insecurity in Quebec was 13.0%, while CMA rates ranged from 14.8% in Montreal to 9.0% in Quebec City (Table 2) .
Between 2007-2008 and 2011-2012, there was considerable fluctuation in CMA food insecurity rates. Significant increases were observed in Halifax, Montreal, Peterborough, Guelph, Calgary and Abbotsford, but the food insecurity rate in Hamilton dropped significantly over this period (Table 2) . Five provinces showed significant changes in food insecurity prevalence from 2007-2008 to 2011-2012: Newfoundland and Labrador, Nova Scotia, New Brunswick, Saskatchewan, and Alberta (Table 2) . In many cases, provincial patterns paralleled those observed in CMAs (e.g., food insecurity increased significantly in Halifax and in Nova Scotia overall). However, the magnitude and direction of prevalence changes among CMAs in the three largest provinces were more variable in comparison to provincial rates. Food insecurity prevalence within a CMA was positively associated with peak unemployment rate, but not significantly related to the rental vacancy rate or the average number of EI beneficiaries per month (Table 3) . A 1-percentage-point increase in peak unemployment rates led to a 0.78-percentage-point increase in the prevalence of food insecurity (Table 3) . Coefficients for year variables showed a decline in the average rate of food insecurity among CMAs from 2007 to 2010 followed by a rise in 2011 and 2012 (Table 3) .
DISCUSSION
Our results document marked differences in the prevalence of food insecurity across CMAs and highlight substantial intraprovincial variation. Considerable fluctuation in the prevalence of food insecurity over time was also observed within individual metropolitan areas. Food insecurity prevalence rates within and between CMAs appeared much more variable than provincial rates. Some of this volatility can be attributed to the smaller survey samples and consequently greater instability of CMA prevalence estimates (as indicated by the wider confidence intervals around these estimates). However, we detected significant changes within CMAs over time where no such changes were observed provincially, and vice versa. These findings suggest that provincial estimates of food insecurity do not necessarily reflect the conditions in individual CMAs and point to the importance of continued surveillance to monitor the prevalence of food insecurity locally.
Examining the contribution of metropolitan area characteristics to changes in food insecurity rates over time highlighted a strong positive effect of peak unemployment rate, a finding consistent with US studies of state-level variation in food insecurity [17] [18] [19] and variation in the national prevalence over time. 22 High unemployment rates can exert upward pressure on the prevalence of food insecurity because residents are less able to garner sufficient income to meet their food needs. Although average unemployment rate was also significantly associated with food insecurity in this study (data not shown), the use of peak rather than average unemployment rate yielded a stronger association because it provides a better estimate of the share of the labour force experiencing job loss and related income shocks in a given year. 22 The strong positive association between food insecurity prevalence rates and peak unemployment in CMAs underscores the centrality of employment conditions to this problem. Almost two thirds of food-insecure households in Canada are reliant on income from salaries or wages. 1 An in-depth examination of this phenomenon, drawing on data from CCHS 2007-2008, revealed the particular vulnerability of low-waged workers and households dependent on one rather than multiple earners. 23 The importance of employment was also evident in a follow-up study of food insecurity among a large sample of lowincome families in Toronto; families' food security improved significantly with a gain in the number of household members with paid work. 24 Policy initiatives to expand employment opportunities, improve the quality and stability of employment, and increase compensation benefits for disadvantaged workers would appear to be critical in reducing the prevalence of food insecurity within CMAs. The lack of a significant association between the number of Employment Insurance (EI) beneficiaries in CMAs and food insecurity prevalence likely reflects the relatively small number of households affected by fluctuations in this measure. While food insecurity is more prevalent among households reliant on EI or Workers' Compensation than those reliant on salaries or wages, 1, [8] [9] [10] the former comprised less than 3% of food-insecure households in Canada in 2012. 1 EI beneficiaries accounted for less than half of all unemployed individuals, 25 suggesting that this measure may miss those segments of the population most vulnerable to food insecurity. Our failure to detect significant associations between food insecurity rates and measures of low income may be due to minimal fluctuations in these variables over the six years of observation. However, it likely also reflects subtle differences in what is being captured by these measures. Though closely linked to household income, 1, [8] [9] [10] 16, 20 the material deprivation denoted by food insecurity reflects the interplay of household resources (e.g., income, assets, access to credit) and household expenditures (e.g., shelter, food, other necessities), as well as household debt. The observed decline in CMA food insecurity rates from 2007 to 2010 and the subsequent rise in 2011 through 2012 do not track provincial estimates of food insecurity measured over the same period.
1 However, this pattern was observed after adjustment for metropolitan area economic characteristics and is not directly comparable to unadjusted provincial trends. It is also important to note that this yearly trend refers to the average prevalence across CMAs and may not reflect changes within each individual CMA. One possible explanation for the rise in CMA food insecurity rates in 2011 and 2012 may be a lagged effect of the 2008-2009 economic recession. The slow job market recovery which characterized the post-recession period, coupled with Canada's declining social safety net, would have increased financial strain among low-income households, leaving them more vulnerable to food insecurity. 26, 27 Another explanation stems from a recent US study which highlighted strong effects of annual inflation (as measured by the Consumer Price Index (CPI)) and relative food price on changes in the national prevalence of food insecurity. 22 Although post-recession increases in inflation and food prices have been charted nationally and provincially in Canada, 28 these economic measures are not available across all CMAs. Post-hoc analyses within a small sample of CMAs with available CPI data showed no significant association between inflation and CMA rates of food insecurity; however, this may be due to insufficient sample size and limited years of data (analyses not shown). This suggests that more years of follow-up data are required to fully understand the relationship between temporal trends in CMA food insecurity rates and the economic impacts of this recession. Our study was also limited by the lack of data on costs of living and infrastructure at the CMA level over the time period of interest. As a result, we were unable to explore the effect of potentially important explanatory factors, such as housing costs and characteristics of the local food environment (i.e., food prices and food retail access). Multi-level modeling of CMA characteristics among a subset of 20 CMAs suggests that housing affordability exerts an important influence on household food insecurity. 29 However, we lacked the data to carry this variable into the current analysis. Our examination of factors affecting temporal trends was also limited by the number of years of available data for CMAs with comparable measures of food insecurity. Although the HFSSM was included as optional content on the CCHS in 2005, Newfoundland and Labrador, New Brunswick, Manitoba and Saskatchewan opted out of the module, so the data were excluded from this study.
As with other studies, our findings are not generalizable beyond the unit of analysis, which in this case is CMAs. Nonetheless, given that 69.7% of the Canadian population resides in the 33 CMAs that comprised our analytic sample, 30 we would argue that our results are relevant to discussions on reducing the prevalence of food insecurity in this country. More research is needed, however, to determine how shifts in unemployment affect prevalence rates nationally as well as in individual provinces and territories.
CONCLUSION
The current study makes a unique contribution to research on household food insecurity in Canada by examining trends in food insecurity rates across metropolitan areas and identifying contextual factors of particular importance to this problem. Given the extraordinary burden of ill health associated with household food insecurity and the growing prevalence of food insecurity nationally, there is a pressing need for evidence-based interventions to address this problem. We found that the rate of unemployment in a CMA contributes significantly to the observed prevalence of food insecurity. Thus federal, provincial and municipal policy initiatives designed to strengthen employment opportunities for low-waged workers may be an effective strategy to reduce household food insecurity in metropolitan areas.
